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Abstract. The personal vehicle is increasingly the preferred mode of travel for
aging adults. There are greater numbers of older drivers on the roads driving
more miles than ever before, and it is important to be aware of declines that
might affect them. Existing technology adoption frameworks are reviewed and
relevant issues surrounding older adults’ adoption of advanced driver assistance
systems and/or autonomous vehicles are discussed. A secondary analysis is
performed on recently collected Floridian survey data that over-sampled older
adults (age 55+ yr). Exploratory factor scores are calculated based on survey
responses and the predictive effects of age, gender, annual household income,
ease of new technology use, and providing information relating to the tech-
nologies are examined. Results are discussed in terms of how best to increase
older adults’ familiarity with and trust of these transportation technologies in
order to help ensure their adoption and safe usage.
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1 Disclaimer

The opinions, findings, and conclusions expressed in this publication are those of the
authors and not necessarily those of the State of Florida Department of Transportation
or the U. S. Department of Transportation.

2 Introduction

2.1 Population Aging and the Aging Driver

Older drivers are driving more miles on average than ever before, with drivers aged 75–
79 years have driven 60 % more miles than their predecessors (1995–96 cohort versus
2008 cohort) and 51 % more miles for drivers 81 and older [1]. There are currently
increased levels of licensure and driving by older adults (OAs) [2], and with Baby
Boomers aging, it is projected that one in five Americans will be over the age of 65 in
2030 [3]. With greater numbers of older drivers driving more miles than ever before, it
is important to be aware of age-related declines in sensory, cognitive, and psychomotor
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abilities that might affect older drivers on the road. It has been shown both experi-
mentally and through literature review that OAs take 1.7–2.0 times longer than their
younger counterparts for elementary information processing operations [4]. For more
in-depth review of how age-related declines affect the driving task, please refer to the
following sources [5–10].

Older drivers tend to keep away from driving situations they perceive as difficult,
and drive less overall (e.g., [11]), though as stated earlier, they are beginning to drive
more miles, later in life than previous cohorts [1]. Some older drivers choose to
self-regulate their driving to avoid situations they find stressful (e.g., heavy traffic), or
situations in which these deficits are more pronounced (e.g., driving at night, or in poor
weather conditions), and might even cease driving while they are still relatively safe
drivers (for a complete literature review and framework of self-regulation in driving by
OAs, see [12]). In-vehicle telematics systems (e.g., GPS, collision warning systems) are
generally perceived as beneficial among OAs, especially older women, in increasing
confidence in driving [13], and might help them avoid the deleterious effects related to
driving cessation (e.g., [14]).

3 Older Adults and Technology Adoption

OAs differ from the general population in physical and cognitive capabilities as
described earlier, and commonly have less familiarity with new technologies than
younger adults [15–17]. It has been shown that OAs are aware of technological benefits
though, and are willing to try new, useful technologies [18]. OAs are attracted to tech-
nologies they find useful and that provide clear benefits to their current lifestyle, and they
are generally reluctant if they cannot foresee possible advantages (e.g., [19]). Czaja et al.
[17] surveyed 1,204 participants and found that general technology use was predicted by
age, education, race, fluid and crystallized intelligence, computer self-efficacy, and
computer anxiety, with greater technology use generally found in younger, more highly
educated individuals. Importantly, the relationship between age and technology use was
mediated by cognitive abilities, computer self-efficacy, and computer anxiety. Due to a
lack of proper assessment of OAs’ needs, this large demographic group with consider-
able spending power is underserved by industry [16, 20, 21].

3.1 Models of Technology Adoption

Technology Acceptance Model and Its Offshoots. The Technology Acceptance
Model (TAM; [22]) was developed as an empirical framework to explain user
acceptance and adoption of information technology, and has been proven to be quite
robust in explaining the adoption patterns of many different types of information
systems in different contexts [23–25]. TAM consists of two main factors: Perceived
usefulness (PU; i.e., the belief that use of a new technology will help or enhance a
person’s job performance) and perceived ease of use (PEOU; i.e., the belief that use of
a new technology will be relatively free of effort). Other influencing factors have been

Challenges of Older Drivers’ Adoption of Advanced Driver Assistance Systems 429



added to TAM in subsequent work. Venkatesh and Davis’ [25] TAM2 included seven
external variables that influenced users’ PU and PEOU (i.e., voluntariness, experience,
subjective norm, image, job relevance, output quality, and result demonstrability).
Another variation of TAM is the Unified Theory of Acceptance and Use of Technology
(UTAUT; [26]), that poses three direct determinants of behavioral intent to use a
technology: performance expectancy, effort expectancy, and social influence. Trust was
added to TAM by researchers in e-commerce [27] and e-government [28] due to the
risk/uncertainty inherent in web-based environments. Experience with technology and
its effects have also been discussed in the TAM literature, with increasing experience
shifting personal judgments away from social information or norms, and toward per-
sonal preference and attitudes [25, 29]. Experience moderates behavioral intent (BI) to
use a technology such that effort expectancy is stronger in early stages of experience,
and facilitating conditions becoming stronger in later stages [26].

UTAUT Extension to Advanced Driver Assistance Systems. Adell [30] let 38 drivers
trial a system that alerted the driver when (1) the car was too close to the vehicle ahead
of it, (2) when positive relative speed suggested an impending collision, (3) speed was
too high considering road geometry, and (4) also when the car was exceeding the speed
limit. The study defined driver support system acceptance as, “the degree to which an
individual intends to use a system and, when available, to incorporate the system in
his/her driving” (p. 482). Findings showed support for UTAUT in the area of driver
support systems, but with low explanatory power. These results showed the importance
of social influence for behavioral intent, but not effort expectancy. This lead the author
to stress that UTAUT constructs be measured in the context of driver support systems
with special attention given to performance expectancy. The author further suggested
that more extensive studies with more targeted experimental design be conducted with
larger sample sizes.

TAM Extension to Autonomous Vehicles. Choi and Ji [31] developed a model based
on TAM explaining early intent to use an autonomous vehicle (AV) that demonstrated
that PU and trust were necessary precursors to the intention to use an AV, with a very
weak effect of PEOU on behavioral intent to use AV. They discerned three constructs
that positively influenced the individual’s trust in AV: (1) System Transparency (i.e.,
degree to which users can predict and understand the operating of AV), (2) Technical
Competence (i.e., degree of user perception on the performance of AV), (3) Situation
Management (i.e., user’s belief that he or she can recover control in a situation
whenever desired), which in turn alleviated their level of perceived risk. They further
proposed that users with an external locus of control might take a more passive role
with an automated system [32], making it easier for them to rely on automated driving
system [33].

UTAUT Extension to Automated Road Transport Systems. Madigan et al. [34]
investigated user acceptance of automated road transport systems (ARTS) involved
with the European CityMobil2 project through the UTAUT model. ARTS are highly
automated vehicles that run at low speeds on dedicated, demonstrated routes (i.e.,
predetermined demonstrated path, not based on active mapping) meant to complement
and feed in to the main public transport network in areas of low or dispersed demand
[35]. Prior survey work [36] found that travelers’ decision to use motorized public
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transportation hinged the quality of the weather, illumination, on-board comfort, and
distance travelled on foot, with a preference for cybernetic transport systems (i.e.,
ARTS, portrayed by system descriptions and in operation around the surveyed city)
that increased with age. Madigan et al. [34] assessed user acceptance of ARTS vehicles
being used in two different European cities (La Rochelle in France and Lausanne in
Switzerland) as part of the CityMobil2 project using the UTAUT framework, and
found that performance expectancy, effort expectancy, and social influence were pre-
dictors of behavioral intentions to use ARTS, with performance expectancy having the
strongest impact. The authors further suggested that future studies should gauge
on-board comfort, as hedonic motivation has been shown to be an important deter-
minant of behavioral intention in consumer-based contexts [37]. The authors also
suggested that actual interaction with ARTS rather than the system descriptions used by
Delle Site et al. [36] lead to age not having a significant impact on UTAUT variables.

Automation Acceptance Model. The Automation Acceptance Model (AAM; [38]) is
an augmentation of TAM that stresses the importance of trust and task-technology
compatibility in order to account for automation use’s dynamic and multi-level nature.
AAM additionally emphasizes that actual system use (i.e., experience with the automated
system) feeds back into the user’s perceptions of compatibility, trust, PU, PEOU, and
behavioral intention to use automation. Trust formation through experience and
task-technology compatibility are expanded upon below and then discussed in the context
of using Advanced Driver Assistance Systems (ADAS) or AV to enhance OAs’mobility.

Trust in the Technology. Trust is social in nature and is largely based on our inter-
personal relationships with other humans. A framework discerning the similarities and
differences between human-human and human-automation (decision support systems, to
be specific) trust can be found inMadhavan andWiegmann [39]. Broadly, this framework
states that humans naturally tend to react socially to seemingly intelligent machines,
deferring to them as advisors, as decision support systems rigorously following
well-designed schema tomake their decisions. This deference is fragile though, and prone
to break down due to the system’s rigidity, as they lack human adaptability. Attitudes
relating to trust in automation play an important role in user reliance and acceptance
[40, 41], and indeed, users show more reliance on automation they trust [42–44].

After reviewing the trust literature, Lee and See [40] described the basis of trust as
comprising three dimensions: Purpose (i.e., degree to which the automation being used
as intended by the designer), Process (i.e., how the automation functions in the situ-
ation to fulfill the user’s needs), and Performance (i.e., past or present operation of the
automation including reliability, predictability, and ability). These three dimensions are
judged by the user on the system’s surface features (i.e., aesthetics, feel, information
structure; [45–47]) and depth features (i.e., the automation’s performance, observ-
ability, controllability; [40]). These dimensions should lead to properly calibrated
levels of trust being placed in the automation based on its capabilities. Over-trust can
lead to misuse (i.e., using the automation in situations where it is not appropriate to)
and complacency (discussed later in the Task-Technology Compatibility section),
while under-trust can lead to disuse (i.e., not using the automation when it is capable of
helping; [48]). Lee and See [40] stress that automation should be designed to be
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technically capable of performing a prescribed task (i.e., trustworthy), but also be
operationally unintimidating and easily understood (i.e., trustable). Hoff and Bashir’s
[49] dissection of factors that influence trust formation in automation use resulted in a
three-layered model that accounts for unique characteristics belonging to the user
(dispositional trust), situation (situational trust), and the dynamic effects of experience
(learned trust), and aligns well with AAM.

Task-Technology Compatibility. It has been shown that adding task-technology fit
model constructs into TAM helps predictions of use [50]. Compatibility consists of the
degree of fit between the human, technology, task to-be-performed, and the situation
[51]. This involves an older driver and their potentially age-compromised faculties, the
particular device or devices that might complement them, and the level of assistance
called for in the situation (e.g., providing warnings to draw the driver’s attention to
unheeded hazards or some form of automated take-over if the driver does not respond
to these hazards in time).

In the automation literature, high levels of automation (LOAs) have been shown to
lead to complacency, degraded situational awareness, de-skilling, and mode confusion
(e.g., [48]), and conversely, low LOAs can lead to poor performance when the system’s
demands exceed the operator’s capacity [52]. With this in mind, the appropriate LOA
and type of ADAS to maximize task-technology compatibility for OAs can be dis-
cussed. It has been suggested that fully automating a process should be limited to
situations where the user fails to respond, or cannot respond fast enough [53]. An
example of when automated takeover of this nature might occur would be when an
older driver (1) does not notice a sudden stop by the vehicle they are following, or
(2) does not or cannot react fast enough to this sudden stop. In the first case, a forward
collision warning system might call attention to an unheeded deceleration by the car in
front of them and allow the older driver to react appropriately, and hence might not
require further intervention or takeover of the driving task. But in the second case, an
older driver’s reaction time to this surprise deceleration of the car in front of them
might not be sufficient, and an automatic braking system might help them avoid a
rear-end collision. Interestingly, it has been shown that both methods can be effective,
but drivers are actually more accepting of collision warnings than automatic braking
which overrides their control, even if it performs better than they could [54].

3.2 Important Considerations for OA Technology Adoption

Facilitators and Determinants of OA Technology Adoption. Lee and Coughlin [55]
conducted a review of the technology acceptance literature and posited ten facilitators
and determinants of OAs’ technology adoption, which show some overlap with TAM
and UTAUT (bolded items are novel contributions of [55] that are particular to OAs):

• Value: perception of usefulness and potential benefit (analogous to PU from TAM)
• Usability: perception that technology is easy to use, user-friendly (analogous to

PEOU from TAM)
• Affordability: perception of potential cost savings
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• Accessibility: knowledge of the technology’s existence and its availability in the
market place

• Technical support: Availability of quality professional assistance throughout use
(analogous to facilitating conditions from UTAUT)

• Social support: support from family, friends, and peers (analogous to social influ-
ence from UTAUT)

• Emotion: perception of emotional and psychological benefits
• Independence: perception of social visibility, or how a technology makes them look

to others (analogous to image from UTAUT)
• Experience: relevance with their prior experiences and interactions
• Confidence: empowerment without anxiety or intimidation

OA Adoption of ADAS and/or AV. In the case of using ADAS or AV to help OAs
maintain their mobility, Lee and Coughlin’s [55] accessibility, independence, and
confidence are of particular interest. Accessibility is important in that an OA needs to
know that the ADAS or AV technology exists and that it is capable of helping them
safely maintain their personal mobility in order for them to be urged to adopt it, and it
must be within their price range. Many of these technologies are included on luxury
brand vehicles, which might be too expensive for an older driver thinking of giving up
their keys. Many older adults equate the personal vehicle as vital to their well-being and
independence (e.g., [56]), and these technologies may help them maintain that sense of
independence so long as they avoid stigmatization, as it has been shown to drive OAs
away from adoption [57, 58]. Finally, in terms of confidence, these technologies have
the best chance of being used properly if their adoption is discretionary, rather than
mandatory (i.e., forced to do so in order to maintain licensure), as under mandatory or
forced use an individual might delay, obstruct, underutilize or sabotage a system [59].

As fully autonomous vehicles are not available in the short term, and their time of
arrival is questioned by experts in the area, Ghazizadeh and colleagues’ [38] insistence
on task-technology compatibility is nicely informed by Eby and colleagues’ [60]
review of in-vehicle technologies and their potential to help older drivers extend the
amount of time they are able to drive safely. Eby et al. [60] emphasize the importance
of training and/or education on the operation of the particular system to maximize these
systems’ effectiveness and safe usage.

4 Methods

As part of an FDOT contract aimed at assessing attitudes towards AV in older
Floridians, Duncan et al. [61] collected survey data. This survey included questions on
familiarity with, general opinion of, and willingness to use particular ADAS systems
that had not yet been examined, as the report was commissioned for, and largely dealt
with AV. Hence, secondary analyses were conducted on the data set regarding OAs’
attitudes and acceptance of not only autonomous vehicles, but ADAS as well. Data
were collected by mailing out surveys using voter registration lists, and over-sampled
older adults (age 55+) in order to gain a better idea of this age group’s knowledge and
preferences related to AV and ADAS. Respondents either completed and mailed back
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their surveys, or completed the survey online. In total, 5,000 surveys were mailed out in
two waves, and 459 total responses were received, for a response rate of 9.18 %, which
was consistent with other mail-out survey response rates. Before being mailed, half of
the survey packets were randomly selected to include an additional informational insert
describing AV and different ADAS systems. This lead to 188 of survey respondents
receiving this extra information (271 did not receive this informational insert). This was
done to examine the effects of a basic level of AV and ADAS education on respon-
dents’ attitudes toward these technologies. After controlling for age and income level,
these groups were not found to differ on willingness to use AV (F(1, 392) = 2.96,
p = .09), and were combined for the following analyses.

5 Results

5.1 Exploratory Factor Analysis of AV Survey

A principal components exploratory factor analysis with varimax rotation was con-
ducted on 51 survey items concerning familiarity with, general opinion of, and will-
ingness to use AV and select ADAS systems (Cruise Control, Lane Departure Warning,
Blind Spot Monitor, Active Lane Centering, Automatic Braking, Adaptive Cruise
Control, and Self-Parking Systems), comfort of yourself or having a loved one riding in
AV, AV-related concerns and benefits (e.g., concern with AV driving as well as human
drivers, benefits of less traffic congestion with AV), questions of pricing of AV, and
interest in different ownership models (privately-owned, shared-ownership, autonomous
public transit, AV for hire). Principal components was used to identify and compute
composite scores for factors underlying survey respondents’ attitudes towards AV and
ADAS. This resulted in 10 unique factors that explained 70.4 % of the variance.

5.2 Regression Analyses of Factors

Multiple linear regressions were calculated to assess potential predictors (age, gender,
annual income, education level, and ease of new technology use) of each factor from
the exploratory factor analysis. Age was measured in years; gender was self-reported as
0 = female, 1 = male; annual income was self-reported by selecting one of six levels:
under $25k, $25k–49,999, $50k–74,999, $75k–99,999, $100k–150k, or more than
$150k; ease of new technology use was self-reported on a 5-point Likert scale ranging
from 1 = ‘strongly disagree new technology is easy to use’ to 5 = ‘strongly agree new
technology is easy to use’; and received info was dummy coded as 0 = did not receive
informational insert and 1 = received informational insert. See Table 1 for the results
of these regressions. Significant predictors are elaborated on below.

Factor 1: General AV Attitudes and Willingness. Table 1 shows that those
reporting higher levels of ease of new technology use, and to a lesser extent those who
received an information sheet, were generally more accepting of automated driving
technology (both AV and self-parking systems) for themselves and others, were more
interested in different models of AV ownership, and looked forward more to potential
benefits like fewer crashes, reduced crash severity, and more enjoyable travel.
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Factor 2: Benefits of AV. Those reporting higher levels of ease of new technology
use were generally more prone to think the introduction of AV would lead to benefits
such as fewer crashes with reduced severity, less traffic congestion, shorter travel time,
better fuel economy, more enjoyable travel, as well as enhanced mobility for those
unable to drive and improved pedestrian safety.

Factor 3: Concerns of AV. Those reporting higher levels of ease of new tech-
nology use, who received an information sheet, and to a lesser extent those reporting
higher income levels, reported less concern about issues involving AV deployment
such as safety consequences, legal liability in a crash, vehicle security, data privacy,
sharing the road, safely interacting with AV, as well as learning to use AV.

Factor 4: ADAS Familiarity. Greater comfort using new technology, greater
household income, and being male were associated with greater familiarity with ADAS
systems.

Factor 6: Willingness to Use ADAS. Higher age, levels of comfort using new
technology and reported income were associated with greater willingness to use
ADAS, while curiously those who had received an informational sheet expressed lower
willingness to use ADAS.

Factor 8: Cruise Control Familiarity, Opinion, and Willingness to Use. Greater
comfort with new technology use and being male were associated with higher levels of
familiarity, opinion, and willingness to use cruise control.

Factor 9: Different AV Owner/Ridership Models. Men were more willing to use
different AV owner/ridership models such as shared-ownership, AV public trans-
portation, and/or AV for hire.

6 Discussion

It is clear that TAM’s PU and PEOU maintain their importance in the case of OA
adoption of AV and/or ADAS. Adell [30], despite being under-powered and evaluating
a mix of systems combined as one, provides a good first step and informs future studies
of ADAS acceptance about the importance of social influence, effort expectancy, and

Table 1. Regression results. Non-significant predictors withheld. ^ = p < .10, * = p < .05,
** = p < .01, *** = p < .001
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tailoring measures to the driving task. Madigan and colleagues’ [32] study on accep-
tance of ARTS highlighted comfort’s role in the consumer acceptance domain, as well
as the necessity for some sort of actual interaction with the technology. Choi and Ji [31]
showed strong effects for PU in relation to personal AV adoption, but weaker effects
for PEOU. This weaker effect of PEOU might be true for their younger sample, but
might not remain true for an older sample. Here within an older sample, self-reported
ratings of their ease of new technology use were found to be a significant predictor for
factors relating to increased general comfort with and willingness to use AV (F1),
greater expectation of AV related benefits (F2), reduced AV concerns (F3), increased
familiarity with ADAS (F4), and greater willingness to use ADAS (F6), and was
marginally associated with more passive modes of AV (F9).

The importance of trust in automation adoption is highlighted by AAM [39], and
Choi and Ji [31] show that this extends to AV. Choi and Ji [31] stress that a user’s trust
in an AV is predicated on its level of predictability and easy comprehension of its
function (system transparency), an acceptable level of performance perceived by the
user (technical competence), and finally, the perception that they can intervene if they
find it necessary (situation management). Appreciation for trust’s dynamic process of
formation during adoption of automation, and its many levels and sublevels during use
of automation elaborated by Hoff and Bashir [49] provide frameworks to accurately
assess trust throughout these processes.

It is apparent based on the literature that trust is a major component of adopting
automation, and that this trust is dynamic in nature (e.g., [38]). Many technology
adoption studies assessing ADAS systems (e.g., [30]), are cross-sectional in nature, and
hence are unable to account for how trust in a system may change with repeated use
and/or successful incorporation of the technology into the individual’s lifestyle. Fur-
thermore, as Hoff and Bashir’s [49] layers of trust suggest, cross-sectional studies
dealing with trust at the very least might only be assessing the individual’s dispositional
trust, or an under-informed trust that may grow with repeated successful usage, if given
the chance. Future studies should account for this by incorporating more dynamic
measurements of trust into a longitudinal design.

The exploratory factors calculated based on the Floridian AV survey need to be
replicated by other similar studies, but make sense in light of AV and ADAS adoption
by aging drivers. Interestingly, receiving the informational sheet significantly lowered
AV concerns (F3), and was marginally associated with more positive attitudes towards
AV (F1), but was associated with lower willingness to use ADAS (F6). Of particular
interest is age positively predicting willingness to use ADAS (F6), and provides
support for Eby and colleagues’ [60] “optimistic yes” to the question of whether ADAS
could help older drivers drive more safely, later in life.

One area of interest for future research is investigating the effects of different levels
of training on a particular ADAS’s acceptance by an older driver. As was seen in the
secondary analysis of the survey data, the informational sheet did not affect respon-
dents’ willingness to use AV, but it did impact more global views of AV, as shown by
the first factor. Eby et al. [60] stressed that some ADAS (e.g., adaptive cruise control)
needed to be paired with driver training in order to be recommended for OAs’ use.
Training can take a variety of forms, from written manuals or instructions to infor-
mational videos or hands-on tutorials. Assessing which one of these is most quick and
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effective in accurately calibrating OAs’ trust in a given system would be valuable for
advancing the field.
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